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Description
TECHNICAL FIELD

[0001] This disclosure relates generally to production
of hydrocarbons and, in more particular, systems and
methods for maximizing or optimizing hydrocarbon pro-
duction from a well over time.

BACKGROUND

[0002] US-A-2008/140369 discloses a method for lift
resource allocation including allocating lift resource un-
der a total lift resource constraint or a total production
constraint. The allocating step includes distributing lift
resource among all lifted wells in a network.

[0003] Determining the most suitable type of artificial
left to employ in a hydrocarbon producing well is a com-
plex decision that involves a number of different factors
including, for example, technical feasibility, lift parame-
ters, operating costs, maintenance practices, reliability,
target productions, engineering design, company prefer-
ences and other factors. Choosing alift type is often made
based on heuristics, rules of thumb, trial and error, an
individual's experience with similar wells, etc. In brief,
these sorts of decisions are typically made with only a
limited analysis of the consequences of a particular lift
type.

[0004] Further, such a decision will typically be made
based on the current status of the well (including its cur-
rent production rate) and its expected future production
as a function time as estimated by a production decline
curve or "decline curve", hereinafter. Of course, fluid pro-
duction from a hydrocarbon well is a dynamic quantity
and the lift technology that is appropriate today might not
be appropriate in the future.

[0005] Additionally, this decision will be made based
on only a subset of the available lift types / parameter
combinations. There are many different lift types and it
is unlikely that all possibilities are considered for use in
a particular well. Even after the lift type is selected addi-
tional decisions will need to be made regarding the par-
ticular equipment configuration. As one specificexample,
if it appears that an electrical submersible pump would
be a good choice for a well, a decision will need to be
made regarding the particular pump, motor, and cable to
use.

[0006] As a result, a conventional lift type selection
process incorporates a limited view of what is the most
suitable overall solution. Often, the conventional ap-
proach does notinclude technical and lifecycle economic
analysis for a wide spectrum of artificial lift types. Further,
it also does not contemplate if or when a future change
in the well’s production will call for replacing the current
lift type with a one more suitable to the then-current pro-
duction level.

[0007] Thus, what is needed is a system and method
of determining a good or optimal lift schedule that in-
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cludes a recommendation of an initial choice of artificial
lift type and that further includes consideration of when
initial lift type of lift needs to be changed in order to max-
imize the economic value of the well. Thus, what is need-
ed is a tool that can be used to assist in lifecycle planning
for a hydrocarbon well over its entire life or some extend-
ed time window.

[0008] Before proceeding to a description of the
present invention, however, it should be noted and re-
membered that the description of the invention which fol-
lows, together with the accompanying drawings, should
not be construed as limiting the invention to the examples
(or embodiments) shown and described. This is so be-
cause those skilled in the art to which the invention per-
tains will be able to devise other forms of this invention
within the ambit of the appended claims.

SUMMARY OF THE INVENTION

[0009] Accordingtooneembodiment, thereis provided
herein a system and method for producing a well lifecycle
lift plan that includes considerations of multiple types of
lift, multiple lift configurations associated with each lift
type, and can be used to provide a prediction of when or
if it would be desirable to change the lift plan at some
time in the future.

[0010] In one variation, a method of providing lift type
recommendations, including time points when it would
be economically advantageous to change same, over a
period of time which might include the life time of a well.
In this variation, an operating period (e.g., five years) and
a calculation interval (e.g., one month) are specified, a
plurality of lift types are selected, performance-based
models are run at each successive calculation interval /
operating point within the operating period for each lift
type to identify feasible equipment configurations, opti-
mization is performed across all feasible equipment con-
figurations for all lift types to identify optimum changeover
time(s) and equipment, and, an actionable lift changeo-
ver plan is generated, preferably with technical and fi-
nancial details. The actionable lift plan consists of the
specific lift equipment configurations and the appropriate
changeover times from one lift equipment configuration
to another. As part of the generation of the lift plans, fi-
nancial information such as the net present value, total
equipment cost and detailed income statements are pro-
duced. The technical details produced along with the lift
plan would include parameters such as total fluid, oil,
water and/or gas production, the deferred production, the
down time, a quantitative risk or technical feasibility
score.

[0011] Further with respect to the previous example,
the optimization is performed using an adaptation of the
Bellman (or Bellman - Ford) algorithm which is a linear /
dynamic programming scheme that can be used to cal-
culate the minimum distance from a single vertex to all
of the other nodes in a network. In one embodiment, the
objective function will be some function of the operating
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cost for that lift type, and lift configuration, for the time
period between successive operating points/nodes. This
approach provides as an output a plan that specifies the
minimum operating cost for the selected well over the
indicated time period and the time(s) when it would be
advisable to change lift types.

[0012] In another variation, a method of providing lift
type recommendations is disclosed, including time points
when it would be economically advantageous to change
same, over the life time of a well. In this variation, an
operating period (e.g., five years) and calculation interval
(e.g., one month) are specified, a plurality of lift types are
selected, performance-based models are run at each op-
erating point within the time interval for each lift type to
identify feasible equipment configurations, additionally a
heuristic rules engine is run against the feasible config-
urations to further limit the number of alternatives, opti-
mization is performed across all remaining feasible
equipment configurations for all lift types to identify opti-
mum changeover time(s) and equipment, and, a lift
changeover plan is generated, preferably with technical
and financial details.

[0013] In an additional embodiment, an approach
styled on the foregoing will be augmented by consultation
with a database of heuristic rules that pertain to the well
under consideration. These rules might be specific to a
single well, applicable to the entire field, or general rules
that reflect the operating limitations of the artificial lift
types. This database can be used to elimination from
consideration lift solutions that, practically speaking,
would not be best for a particular well scenario. A deter-
mination of feasible alternatives during the lifecycle cal-
culation would potentially cut down on the size of the
solution space that needs to be examined at each time
point.

[0014] There is additionally provided herein a method
of managing production in a hydrocarbon producing well,
comprising the steps of accessing a decline curve for the
well, said decline curve predicting production from the
well over a predetermined period of time at a plurality of
differenttime points; selecting a plurality of lift types, each
of said lift types being associated with two or more dif-
ferent lift configurations; selecting a time point from
among said plurality of different time points; for each of
said plurality of lift types and said associated two or more
different lift configurations, calculating a performance lift
model value at said selected time point; using said de-
cline curve and any of said calculated performance model
values at said selected time point to determine a set of
feasible equipment configurations at said selected time
point; for each of said determined set of feasible equip-
ment configurations at said selected time point, deter-
mining an objective function value; performing the previ-
ous four steps for each of said plurality of different time
points, thereby producing a network of feasible objective
function values; determining a minimum travel path
through said network of feasible objective function val-
ues, thereby obtaining a lifecycle lift plan for the well;
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and, implementing at least a portion of said lifecycle lift
plan for the well.

[0015] With reference to another embodiment, the in-
stant application teaches a method of managing produc-
tion in a hydrocarbon producing well, comprising the
steps of: accessing a well lifecycle lift plan calculated
according to the steps of: accessing a decline curve for
the well, said decline curve predicting production from
the well over a predetermined period of time at a plurality
of different time points; selecting a plurality of lift types,
each of said lift types being associated with two or more
different lift configurations; selecting a time point from
among said plurality of different time points; for each of
said plurality of lift types and said associated two or more
different lift configurations, calculating a performance lift
model value at said selected time point; using said de-
cline curve and any of said calculated performance model
values at said selected time point to determine a set of
feasible equipment configurations at said selected time
point; for each of said determined set of feasible equip-
ment configurations at said selected time point, deter-
mining an objective function value; performing the previ-
ous four steps for each of said plurality of different time
points, thereby producing a network of feasible objective
function values; determining a minimum travel path
through said network of feasible objective function val-
ues, thereby obtaining a lifecycle lift plan for the well;
and, implementing at least a portion of said well lifecycle
lift plan for the well.

[0016] A still further embodiment is a method of man-
aging production in a hydrocarbon producing well, com-
prising the steps of: selecting a plurality of lift types, each
of said lift types being associated with two or more dif-
ferent lift configurations; in a computer: accessing a de-
cline curve for the well, said decline curve predicting pro-
duction from the well over a predetermined period of time
at a plurality of different time points; selecting a plurality
of lift types, each of said lift types being associated with
two or more different lift configurations; selecting a time
point from among said plurality of different time points;
for each of said plurality of lift types and said associated
two or more different lift configurations, calculating a per-
formance lift model value at said selected time point; us-
ing said decline curve and any of said calculated per-
formance model values at said selected time point to de-
termine a set of feasible equipment configurations at said
selected time point; for each of said determined set of
feasible equipment configurations at said selected time
point, determining an objective function value; perform-
ing previous four steps for each of said plurality of differ-
ent time points, thereby producing a network of feasible
objective function values; determining a minimum travel
path through said network of feasible objective function
values, thereby obtaining a lifecycle lift plan for the well;
and, making at least one lift decision for the well based
on said lifecycle lift plan.

[0017] Theforegoing has outlined in broad terms some
of the more important features of the invention disclosed
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herein so that the detailed description that follows may
be more clearly understood, and so that the contribution
of the instant inventors to the art may be better appreci-
ated. The instant invention is not to be limited in its ap-
plication to the details of the construction and to the ar-
rangements of the components set forth in the following
description or illustrated in the drawings. Rather, the in-
vention is capable of other embodiments and of being
practiced and carried out in various other ways not spe-
cifically enumerated herein. Finally, it should be under-
stood that the phraseology and terminology employed
herein are for the purpose of description and should not
be regarded as limiting, unless the specification specifi-
cally so limits the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] These and further aspects of the invention are
described in detail in the following examples and accom-
panying drawings.

Figure 1 is a schematic diagram that illustrates a
prior art decline curve for a well.

Figure 2 contains an exemplary schematic diagram
that illustrates a lift lifecycle plan for a well.

Figure 3 contains an operating logic suitable for use
with an embodiment.

Figure 4 contains a simplified illustration of how a lift
lifecycle plan for a well might be calculated.

Figure 5 illustrates a situation where a lift configura-
tion might be excluded from consideration at a point
in time where the decline curve does not fall within
the boundaries of its performance envelope.

Figure 6 contains an operating logic suitable for an-
other embodiment.

Figure 7 contains a schematic illustration of an em-
bodiment might be implemented in practice.

DETAILED DESCRIPTION

[0019] While this invention is susceptible of embodi-
ment in many different forms, there is shown in the draw-
ings, and will herein be described hereinafter in detail,
some specific embodiments of the instant invention. It
should be understood, however, that the present disclo-
sure is to be considered an exemplification of the princi-
ples of the invention and is not intended to limit the in-
vention to the specific embodiments or algorithms so de-
scribed.

[0020] Turning first to Figure 1 which contains an ex-
ample of a prior art well decline curve, it is well known in
the reservoir engineering field to calculate a decline curve
for a particular well. There are numerous acceptable
methods of doing this including, for example, Arps algo-
rithm, hyperbolic decline, exponential decline, harmonic
decline, etc. Figure 1 contains a schematic representa-
tion of a decline curve which illustrates production rate
versus time for a hypothetical well, where "BPFD" on the
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"Y" axis represents "barrels of fluid per day". As is gen-
erally indicated, traditionally such curves are estimated
using parameters such as an initial production rate value
at, say, time T, an initial decline rate, the degree of cur-
vature of the curve, etc. In other instances, the decline
curve might come from a reservoir model. Rules of thumb
and heuristics can provide adjustments to the standard
decline curve for a well. All of this is well known.

[0021] Figure 7 contains an example well lifecycle sys-
tem according to an embodiment. Parameters pertaining
to the selected well will be accessed as input. These pa-
rameters might include the well depth, temperature, hy-
drocarbon type, water cut, etc. Additionally, a decline
curve that is representative of the production from se-
lected well over some period of time will be accessed. A
selection of lift types and lift type configurations will also
be specified. Cost (potentially including both operating
and change over cost) is used as an objective function
suitable for this embodiment, where the operating /
changeover cost is specified for each lift type configura-
tion. Operating cost might include a projection of expect-
ed energy cost over the subject time period. Given the
foregoing, this embodiment will utilize a computer to pro-
duce a well lifecycle or implementation plan by formulat-
ing the problem as a network with the distance between
nodes being a function of cost and then solving for the
minimum distance path through the network. Optionally,
a rules engine or rules database that contains heuristic
guidelines will used to shape the results of the computa-
tion. The solution to the foregoing will be taken into the
field and used to determine which lift and lift configuration
to install and use (and at which point(s) to change it) over
the time period selected.

[0022] With respect to the computer of Figure 7, as a
general matter when the term "computer" is used herein,
that term should be broadly construed to include any ac-
tive device including, without limitation, a processing unit,
a field programmable gate array, discrete analog circuit-
ry, digital circuitry, an application specific integrated cir-
cuit, a digital signal processor, a reduced instruction set
computer, devices with multicore CPUs, etc. The fore-
going also includes distributed or parallel processing sys-
tems where multiple computers contribute to a final so-
lution. In brief, all is required is that the computer be min-
imally programmable in some sense and capable of ac-
cepting input of the sort described above. The computer
can some amount of local internal memory (e.g., volatile
and/ or non-volatile memory devices) and storage, and
potentially have access to memory or storage thatis con-
nectable to it via a network. The computer may access
a computer application program stored in non-volatile in-
ternal memory, or stored in an external memory that can
be connected to the computer via an input/output (1/O)
port. The computer program application may include
code or executable instructions that when executed may
instruct or cause the central controller and other compo-
nents to perform steps or functions embodying methods
disclosed herein.
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[0023] Additionally, itis contemplated some sort of dis-
play device will typically be accessible to the user so that
the results of the optimization may be viewed. Of course,
the display might take the form of a printed report, butin
most the user will use a video display of some sort. The
display might take place on the computer’s directly at-
tached graphical display or, more generally, on any dis-
play device suitable for presenting graphical and text in-
formation to a user. Display devices such as table com-
puters, smart phones, smart terminals, etc., could also
be used. In the event that the computational load of the
optimization calculation is too much for the display de-
vice, the computations could be done remotely and com-
municated via a network (e.g., wired or wireless Ethernet,
Bluetooth, WiFi, a web-based program executed over
the Internet, etc.) from the computational computer to the
display device.

[0024] Figure 2 contains a simplified schematic repre-
sentation of one embodiment of a well lifecycle plan pro-
duced according to the process of Figure 14. In this par-
ticular example, the lift type and associated parameters
related to that lift type are selected at each time point are
the ones that minimize the operating cost over the period
of time from T, to Ty. In this figure, the type of lift is
scheduled to be changed at times T and T5. Attimes T
and T, the initially selected lift type is scheduled to be
reconfigured with different operating parameters. At T,
the parameters associated with the lift type installed at
T are reconfigured. Taken together, the changes at T,
to T are designed to produce the minimum or near min-
imum operating cost of producing hydrocarbons from the
subject well over the lifecycle / operating period.

[0025] Turning next to Figure 3, this figure contains a
flowchart 300 suitable for use with one embodiment. As
an initial step 305, a well will be selected and various
parameters about it determined according to methods
well known to those of ordinary skill in the art. These
parameters could include, for example, its current and
historical production rate, the equipment that is currently
in place, the depth of the producing formation, the diam-
eter of the well, the oil water contact level, the gas-oil
ratio, the oil-water ratio, the pay thickness, the lithology
of the producing formation, the composition of the pro-
duced fluid (e.g., does it contain corrosive components,
sand, etc.), API gravity, bottom hole temperature and
pressure, etc. Information related to such might be useful
in the steps that follow.

[0026] A decline curve or curves is obtained or calcu-
lated for the selected well according to methods well
known in the art (box 310). Note that for purposes of this
figure, a decline curve will be broadly interpreted to be a
forecast of the relevant production parameters that would
impact lift sizing. Thus, a decline curve might refer to an
oil decline curve, a water decline curve, a gas decline
curve, total fluid production, some combination of the
foregoing, etc. In some embodiments that calculation will
be done outside of the optimization program that is de-
scribed below in connection with box 345. Note that there
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are many different ways to obtain this curve as discussed
above, but the particular method by which it is obtained
is not important to the operation of the current embodi-
ment.

[0027] Candidate lift types and available lift configura-
tion modules for each lift type will need to be identified
315. Note that for purposes of the instant disclosure a
"lift configuration module" is defined by a lift technology,
i.e., the set of components used, any specialized config-
uration for the technology, and the range of operating
conditions covered by the technology. Table 1 below con-
tains some exemplary lift types and some configurable
hardware components associated with each. As an ex-
ample and for purposes of the instant embodiment, con-
figuration of an electrical submersible pump (ESP) will
involve sizing of a particular pump, motor, and cable
length between the surface and pump. Similarly, the per-
formance of a PCP (progressing cavity pump) can be
largely characterized by its pump, drivehead, and rods.
Other examples of lift type and configuration parameters
are given below. That being said, those of ordinary skill
in the art will recognize that that there are additional com-
ponents that could be used in addition to or in place of
those listed in the table that follows.

Table 1: Some Selected Lift Types and Exemplary
Configuration Parameters

CONFIGURATION
LIFT TYPE PARAMETER

ESP Pump

Motor

Cable
Rod Lift BPU

Motor

Rods

Plunger
PCP Pump

Drivehead

Rods
Gas Lift Valve depth range
Plunger Lift Plungers

[0028] Continuing with the embodiment of Figure 3, an

operating period and calculation interval 320 will be se-
lected. One combination of these two parameters that
has proven to be useful in some instances is five years
of operation calculated at monthly time intervals. Those
of ordinary skill in the art will recognize that the extent of
the operating time period might be longer or shorter and
the number of time intervals increased or decreased de-
pending on the characteristics of the chosen well and
other factors. Clearly, as the operating time period in-
creases and/or the calculation time interval decreases,
the optimization problem will require more computer re-
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sources to calculate.

[0029] Next in the embodiment of Figure 3, the first or
next operating point will be selected 323, with the "first"
point typically being the current time and the next point
being separated in time from the first by the calculation
interval, e.g., by one month.

[0030] According to this example, the first (or next, if
this is the second or subsequent time passing through
this box 323) will be identified and performance models
will be calculated for each lift configuration (box 325) at
the identified operating point. That is, given the well pa-
rameters and lift type the associated components will be
sized according to standard petroleum engineering tech-
niques at the current time point on the decline curve. For
example, in the case of rod lift, standard RPL-12 provides
guidance with respect to how to size it for different pro-
duction and well scenarios.

[0031] Inbox 330, the universe of available equipment
configurations of 325 will be examined to determine
which are actually feasible for the given well at this time
point as determined by the performance-model calcula-
tions. By eliminating those configurations that are not fea-
sible at this point the size of the optimization that must
be solved can potentially be substantially reduced. Of
course, this step is not essential to the operation of this
embodiment but it has proven to be useful in some in-
stances to reduce the solution space that must be
searched in order to find a minimum cost lifecycle plan.
This might be done in many ways, but one useful ap-
proach is generally illustrated by the curves in Figure 5.
[0032] In brief, in the current embodiment lift configu-
rations that have a performance envelope that does not
enclose the decline curve will be designated as "not fea-
sible". In more particular, in Figure 5 at time T, four dif-
ferent artificial lift candidates have been identified: ESP1
(a first electrical submersible pump configuration), ESP
(a second electrical submersible pump configuration),
RP (a reciprocating piston configuration), and GL (a gas
lift configuration). Of the four, ESP1 has been selected
as an initial lift technology. The points in time at which
well is to be evaluated for a possible change in the lift
type are indicated by data points 530.

[0033] In this figure, the points T and T3 have been
identified using an approach disclosed below as times
when the lift could be changed to minimize the cost of
lifting the hydrocarbons to the surface for this well. In the
example of Figure 5, at T, the recommendation is to
change to the RP lift type. At T,, the recommendation is
to change to lift configuration ESP2.

[0034] Associated with ESP1is the operatingenvelope
for this particular lift configuration which is indicated by
curves 505 and 510. As can be noted in this figure, be-
tween times T, and T, the operating envelope for ESP1
encloses the projected decline curve for the well. How-
ever, at point T, the lower limit of the envelope crosses
the decline curve 530. Beyond that point ESP1 is not a
feasible solution and does not need to be considered as
an option for calculation points 530 that follow T,. Thus,
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in this example it can be removed from the solution set
for times after T,. At point T4 the recommendation is to
change to lift type RP. The operating envelope for the
selected RP configuration is shown as curves 515 and
520, which surround the projected decline curve past
point T3 which is the next point at which the recommen-
dation is to change the lift type. In fact, the RP configu-
ration envelope is projected to be feasible beyond that
T, but based on a cost analysis the recommendation is
to change the lift type to another configuration of an ESP
lift at this point, i.e., to ESP2 in this figure.

[0035] Returning now to the embodiment of Figure 3,
once the feasible solutions have been identified and
those which are not feasible have been eliminated, the
remaining collection of solutions is conceptualized as a
network of nodes, with each node corresponding to one
of the feasible solutions. This information is then used to
determine the costs for the remaining lift types and lift
configurations (box 335) at each node. In some cases,
cost might include both the operating cost for the calcu-
lation interval and the cost of changing over to a different
lift type or configuration. Note that, as explained below,
the operating cost is just one of many possible objective
functions that could be used in the calculation that fol-
lows. Preferably, this will include at least the cost of the
power (e.g., electricity) required to operate the lift for a
period of time corresponding to the calculation interval.
Additionally, other costs such as the installation and
equipment cost, the preventive maintenance costs, the
(e.g., monthly) operating costs, the mean time between
equipment failure and workover costs, etc., might be ob-
tained for each type of lift. Further, and if desired, the
depreciation of the lift equipment might be included as
an item. The power usage can be calculated from per-
formance models of each lift type / configuration combi-
nation. The expected cost could also be compared with
a projected revenue stream calculation for this well to
yield an estimate of the income for the operating period
if desired. For example, the projected hydrocarbon price
and production from the well as predicted by the decline
curve could be used to estimate the revenue for that pe-
riod. The objective function could also be expressed in
terms of any of the previous criteria weighted by a heu-
ristic technical risk or other deterministic of heuristic cri-
teria. Finally, it should be noted and remembered that
even though a "minimum" travel distance is obtained, any
maximization problem can readily be recast as a minimi-
zation problem, and vice versa. Thus, when the term
"minimization" is used herein, that should be broadly con-
strued to include objective functions where the goal is to
obtain a maximum.

[0036] If the end of the operating period has not been
reached (the "NO" branch of decision item 340), the next
operating point will be selected and the above process
repeated. On the other hand, if the last operating point
has been processed (the "YES" branch of decision item
340), the network of nodes produced above together with
the associated cost of each will be used as follows.
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[0037] If the lasttime point has been reached, the loop
323 - 340 will exit and the nodes and associated costs
will be used to calculate a minimum cost well lifecycle
plan. The lifecycle plan can then be budgeted for and
implemented 345 in the field. As an example, and refer-
ring again to the example, of Figure 2, the well operator
should budget to reconfigure the existing lift configuration
at time T and T, replace the lift at time T3, reconfigure
the replacement lift at T4 and install another lift configu-
ration at Ts. Note that in some instances financial infor-
mation could be provided in connection with the assem-
bled lifecycle plan (e.g., net present value of the expected
cost or revenue time series, etc.).

[0038] Ifitis determined that the end of the designated
time interval has been reached, the minimum cost path
will be assembled and presented to a user as the low-
cost lifecycle plan (step 350). The user will then be able
to implement the plan by, for example, budgeting and
planning for lift changes at predicted times in the future.
Then when the designated time arrives, the lift can be
changed according to the plan as originally calculated to
subsequently modified. Subsequent modification might
include, for example, instances where the decline curve
in the future proves to be significantly different from the
estimated decline curve when the calculation was done.
[0039] Additionally, and in some embodiments, certain
financial information optionally might be calculated and
made available to a user to assist in deciding whether or
not (or which) lifecycle plan to implement (step 355). The
sort of financial information that might be useful would
include, for example, the net present value of the oper-
ating cost assuming a discount rate or discount rate func-
tion, the expected profit from implementing the plan as-
suming an estimate of the future oil or other hydrocarbon
price, etc. Given a series of cost estimates and/orincome
estimates together with a discount rate, it is well known
how to determine the net present value of a cash stream
and such might be useful in determining which calculated
lift plan to implement.

[0040] Turning nextto an example of the sort of com-
putations that would be required to solve the well lifecycle
problem. As an example, the number of feasible config-
urations for a given well can be in the thousands to tens
of thousands for each lift type at each operating point.
So, as a rough order of magnitude, assume that each lift
type has 5000 configurations and there are 6 lift types.
That would imply that there are 30000 possible configu-
rations at each calculation point 530 in Figure 5. Using
60 operating points (monthly for 5 years) results in
3000080 = 4.2*10268 possible combinations. Hence a
gradient based or brute forced approach is not likely to
be feasible, although that approach might be used for
small scale problems.

[0041] Given the number of potential permutations
(given that a lift type can either be changed out or resized
on any given day over the life of the well), one approach
to solving the problem has two broad components. The
first is to develop performance models of each lift type.
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Optionally, and to reduce the size of the solution set, the
feasible configurations at every operating point on the
decline curve will be determined. For example, at the first
operating point, there might be 8 different specific ESP
configurations and 14 specific rod-pumping feasible con-
figuration. Similarly, the second operating point might
have another set of configurations, many of which may
overlap with the set for the first operating point. In this
manner, by identifying all the feasible lift configurations
for each operating point, a wrapper optimization can then
be invoked as the second step to perform the life cycle
optimization.

[0042] Then, a solution may be obtained by casting it
as a minimum travel path problem through a network of
nodes, where the distances between nodes are couched
in terms of the operational "costs" of each lift configura-
tion. That being said, there are many other objective func-
tions that could be utilized including, for example, maxi-
mizing profits, maximizing revenue, maximizing produc-
tion, minimizing cost, minimizing down time, minimizing
deferred production, minimizing capital expenditure over
atime period (e.g., the firstyearless funds might be avail-
able). Any of the foregoing could be recast as a "distance”
in a linear programming or dynamic programming prob-
lem.

[0043] Figure 4 provides a simple explanation of one
way this computation might be performed. That figure
contains a conceptual illustration of a situation where
there are 3 lift types and 4 operating conditions, or a total
of 12 nodes at four different operating points. Let Pij rep-
resent lift "i" and operating condition "j". The heavy
dashed line indicates the minimum cost / distance path
through the nodes of the graph determined according to
an embodiment. The selected (dashed) path indicates
that lift 2 is installed and used for operating conditions 1
and 2. Then lift 1 is installed and used for operating con-
dition 3 and 4.

[0044] More generally, consider a shortest path be-
tweensandt... SP;, 1P;, 5 ... P ,t. One way to solve this
problem would be to use a variation of the well-known
Bellman’s algorithm which is a scheme that can be used
to calculate the minimum distance from a single vertex
to all of the other nodes in a network. In brief, according
to this method the path between s and any intermediate
node P, . is selected to be the shortest possible such
path. This idea can be implemented as an algorithm
where the shortest known path between s and any other
node is determined. Let, d’ be the shortest known path,
at operating condition 3 in this figure the goal is to pick
the shortest path from operating condition 2 to 3:

d(Py3) < min{d’, d(P,;) + c(Py2,Py3)}

This equation conceptually means to find the shortest
path from s to P, , plus the cost of operating lift 2 under
condition 2 and changing over to lift 1.
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[0045] In some embodiments, the application of this
method will begin at the end point t and work backward
toward the start. That is not required but it has proven to
be useful in some situations.

[0046] Because ofthe enormous magnitude of the fully
specified problem, it is advantageous to reduce the so-
lution setin various ways. One way to do this is to reduce
the length of the planning horizon and/or frequency at
which calculations are made. As one example of worka-
ble values, in some cases a 5 year planning horizon and,
monthly granularity / calculation interval has been useful.
Reducing the calculation interval (e.g., to every other
month, every six months, etc.) or the planning interval
could potentially reduce the magnitude of the problem
significantly if such were desired.

[0047] By way of example of the sort of data that might
be useful as input to the instant method, the initial well
specification will likely be needed and might contain in-
formation about the depth of the well, hole diameter,
thickness of the producing formation, gas / oil ratio, oil /
water ratio, etc. Those of ordinary skill in the art will rec-
ognize that there are many other well parameters that
might be useful depending on the context. Lift data, phys-
ical and/or operational parameters associated with each
type of lift under consideration, will need to be assembled
for the chosen well. If a financial analysis is to be per-
formed, data such as the projected inflation rate, discount
rate, price of power, oil price, installation cost, lift equip-
ment cost, down time if the lift type is changed or worked
over, minimum installation period, operating cost, mean
time between failure, and workover cost, might be used
in the cost calculation. Deferred production could be
treated as a cost, if desired.

[0048] Of course, it should be understood that minimi-
zation of the objective function could be further con-
strained in some embodiments. For example, it might be
desirable in some cases to limit the number of lift changes
over the lifetime of the well to, say, one, two, or three,
etc. Additionally, in some embodiments it might be de-
sirable to include a bias toward keeping the then-current
liftin place. That is, if the cost of operating the current lift
type differs only slightly from a different calculated opti-
mum lift cost, it might make sense notto make the change
at that time. Further, if it should happen that there are
several well lifecycle plans that are nearly optimal, it might
make sense to select the one that involves the fewest lift
changes.

[0049] Turning next to Figure 6, there is provided a
method 600 of determining an optimum or near optimum
solution to a well lifecycle planning problem substantially
as described above, but wherein a database of "rules of
thumb" or heuristic information 610 is provided that can
be used to further limit the number of feasible solutions
that must be examined and/or eliminate or elevate the
recommendation of a calculated lifecycle plan. Note that
this sort of information might be either be sourced locally
(e.g., certain types of lifts are preferred in particular fields)
or global (e.g., some lift types are disfavored or incom-
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patible with some downhole environments). For exam-
ple, if the produced fluid contains a substantial corrosive
constituents or sand is being produced along with oil, an
electrical submersible pump might be eliminated from
consideration in some wells. Those of ordinary skill in the
art will recognize that there are similar accepted industry
heuristic rules that might be used to reduce the number
of candidate lift mechanisms at this stage. In Figure 6,
this additional information might optionally be provided
at one or more points in the lifecycle determination proc-
ess.

[0050] As is generally indicated in Figure 6, the infor-
mation in the rules engine 610 might be used as input at
one or more different points in the planning process. As
is indicated and by way of example only, in one embod-
iment the rules engine could be used at the outset 315
to limit the choice of lift types and/or again in conjunction
with item 330 to reduce the size of the solution set. For
example, in some cases experience in the field would
indicate that certain types of lift or certain lift configura-
tions would not provide the predicted performance. Point
330 would be a good point computation-wise to use in-
formation to further eliminate solutions that might have
no or limited chance of being adopted even if they were
determined to be the low-cost solution.

[0051] Additionally, the information in the rules engine
610 could be used to screen the recommended solution
in box 345. There might be any number of reasons why
aparticular lift solution, evenif technically the lowest cost,
might not be desirable at that point in time. As such, the
rules engine at step 345 could act as a final check on the
feasibility or desirability of the proposed entire lifecycle
plan. Of course, all of the points where the rules engine
610 might be involved (steps 330, 340, and 350) are op-
tional and none, one, two, or all of them might be used
in a given embodiment.

[0052] With respectto the rules engine, while there are
many ways to build a rule or a "rule of thumb"-based
database. In one embodiment, the rules are of three
types. The first rule type is expressed as depth versus
volume lookup tables for each lift type and sub-tables
exist for each casing and tubing size. These tables were
based on calculations performed using design software
as well as typical rules of thumb from prior experience.
The second category consists of "Disallow" rules ex-
pressed as "IF.... THEN... Disallow" which causes the lift
type to be disallowed if even justone suchrule is triggered
(e.g., the lift is too big for the well). An example would be
if a lift type physically cannot fit into the wellbore. In such
acase, the evaluation of any otherrulesisirrelevantsince
the lift type simply cannot work. The third category con-
sists of "Warning Rules" expressed as "IF... THEN... Add
Penalty", for which satisfying the IF statement results in
a penalty deducted from the lift type. Each warning rule
might have a different penalty factor depending on the
severity of it being violated since some rules of thumb
are more severe than others. The penalties associated
with multiple warning rules could be added together or
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otherwise combined (e.g., a weighted average, a total, a
geometric average, the maximum of the penalties, etc.,
could be computed) in determining the overall penalty
for the given lift type and configuration. In some cases,
the penalty could be applied to cost information at each
node to make its "distances" to the next node longer,
thereby making it more disfavored in the final solution.
[0053] Itis to be understood that the terms "including"”,
"comprising”, "consisting" and grammatical variants
thereof do not preclude the addition of one or more com-
ponents, features, steps, or integers or groups thereof
and that the terms are to be construed as specifying com-
ponents, features, steps or integers.

[0054] If the specification or claims refer to "an addi-
tional" element, that does not preclude there being more
than one of the additional element.

[0055] Itis to be understood that where the claims or
specification refer to "a" or "an" element, such reference
is not be construed that there is only one of that element.
[0056] It is to be understood that where the specifica-
tion states that a component, feature, structure, or char-
acteristic "may", "might", "can" or "could" be included,
that particular component, feature, structure, or charac-
teristic is not required to be included.

[0057] Where applicable, although state diagrams,
flow diagrams or both may be used to describe embod-
iments, the invention is not limited to those diagrams or
to the corresponding descriptions. For example, flow
need not move through each illustrated box or state, or
in exactly the same order as illustrated and described.
[0058] Methods of the presentinvention may be imple-
mented by performing or completing manually, automat-
ically, or a combination thereof, selected steps or tasks.
[0059] The term "method" may refer to manners,
means, techniques and procedures for accomplishing a
given task including, but not limited to, those manners,
means, techniques and procedures either known to, or
readily developed from known manners, means, tech-
niques and procedures by practitioners of the art to which
the invention belongs.

[0060] Forpurposes of the instant disclosure, the term
"at least" followed by a number is used herein to denote
the start of a range beginning with that number (which
may be a ranger having an upper limit or no upper limit,
depending on the variable being defined). For example,
"at least 1" means 1 or more than 1. The term "at most"
followed by a number is used herein to denote the end
ofarange ending with thatnumber (which may be arange
having 1 or 0 as its lower limit, or a range having no lower
limit, depending upon the variable being defined). For
example, "at most 4" means 4 or less than 4, and "at
most 40%" means 40% or less than 40%. Terms of ap-
proximation (e.g., "about", "substantially”, "approximate-
ly", etc.) should be interpreted according to their ordinary
and customary meanings as used in the associated art
unless indicated otherwise. Absent a specific definition
and absent ordinary and customary usage in the asso-
ciated art, such terms should be interpreted to be = 10%
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of the base value.

[0061] When, in this document, arange is given as "(a
first number) to (a second number)" or "(a first number)
- (a second number)", this means a range whose lower
limit is the first number and whose upper limit is the sec-
ond number. For example, 25 to 100 should be interpret-
ed to mean a range whose lower limit is 25 and whose
upper limit is 100. Additionally, it should be noted that
where a range is given, every possible subrange or in-
terval within that range is also specifically intended un-
less the context indicates to the contrary. For example,
if the specification indicates a range of 25 to 100 such
range is also intended to include subranges such as 26
-100, 27-100, etc., 25-99, 25-98, etc., as well as any other
possible combination of lower and upper values within
the stated range, e.g., 33-47, 60-97, 41-45, 28-96, etc.
Note that integer range values have been used in this
paragraph for purposes of illustration only and decimal
and fractional values (e.g., 46.7 - 91.3) should also be
understood to be intended as possible subrange end-
points unless specifically excluded.

[0062] Itshould be noted that where reference is made
herein to a method comprising two or more defined steps,
the defined steps can be carried out in any order or si-
multaneously (except where context excludes that pos-
sibility), and the method can also include one or more
other steps which are carried out before any of the de-
fined steps, between two of the defined steps, or after all
of the defined steps (except where context excludes that
possibility).

[0063] Further, it should be noted that terms of approx-
imation (e.g., "about", "substantially”, "approximately”,
etc.) are to be interpreted according to their ordinary and
customary meanings as used in the associated art unless
indicated otherwise herein. Absent a specific definition
within this disclosure, and absent ordinary and customary
usage in the associated art, such terms should be inter-
preted to be plus or minus 10% of the base value.
[0064] Still further, additional aspects of the instant in-
vention may be found in one or more appendices at-
tached hereto and/or filed herewith, the disclosures of
which are incorporated herein by reference as if fully set
out at this point.

[0065] Thus, the present invention is well adapted to
carry out the objects and attain the ends and advantages
mentioned above as well as those inherent therein. While
the inventive device has been described and illustrated
herein by reference to certain preferred embodiments in
relation to the drawings attached thereto, various chang-
es and further modifications, apart from those shown or
suggested herein, may be made therein by those of or-
dinary skill in the art, without departing from the scope
of the inventive concept which is to be determined by the
following claims.
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Claims

A method of managing production in a hydrocarbon
producing well, comprising the steps of:

a. accessing (310) a decline curve for the well,
said decline curve predicting production from
the well over a predetermined period of time at
a plurality of different time points;

b. selecting (315) a plurality of lift types, each of
said lift types being associated with two or more
different lift configurations;

c. selecting (320) a time point from among said
plurality of different time points;

d. for each of said plurality of lift types and said
associated two or more different lift configura-
tions, calculating (325) a performance lift model
value at said selected time point;

e. characterized by using said decline curve
and any of said calculated performance model
values at said selected time point to determine
(330) a set of feasible equipment configurations
at said selected time point;

f. for each of said determined set of feasible
equipment configurations at said selected time
point, determining (335) an objective function
value;

g. performing steps (c) through (f) for each of
said plurality of different time points (340), there-
by producing a network of feasible objective
function values;

h. determining (345) a minimum travel path
through said network of feasible objective func-
tion values, thereby obtaining a lifecycle lift plan
for the well; and,

i.implementing at least a portion of said lifecycle
lift plan for the well.

The method of managing production in a hydrocar-
bon producing well according to claim 1, wherein
said objective function value is a cost objective func-
tion value.

The method of managing production in a hydrocar-
bon producing well according to claim 1, wherein
said objective function value is one of a maximum
production value, a minimum changeover cost value,
and a minimum downtime value.

The method of managing production in a hydrocar-
bon producing well according to claim 1, wherein
step (f) comprises the step of: for each of said de-
termined set of feasible equipment configurations at
said selected time point, determining an objective
function value that includes a cost to operate said
feasible equipment configuration for a predeter-
mined period of time.

15

20

25

30

35

40

45

50

55

10

10.

1.

12.

The method of managing production in a hydrocar-
bon producing well according to claim 3, wherein
said predetermined period of time is five years.

The method of managing production in a hydrocar-
bon producing well according to claim 1, wherein
said objective function is a cost objective function
and step (h) comprises the steps of

(h1) determining a minimum travel path through
said network of feasible cost objective function
values, thereby obtaining a lifecycle lift plan for
the well, and,

(h2) based on said lifecycle lift plan calculating
a net present value of said minimum travel path
through said network of feasible cost objective
function.

The method of managing production in a hydrocar-
bon producing well according to claim 1, wherein is
provided a rules engine, and wherein step (e) com-
prises the step of:

e. using said decline curve, any of said calculated
performance model values at said selected time
point, and said rules engine to determine a set of
feasible equipment configurations at said selected
time point;

The method of managing production in a hydrocar-
bon producing well according to claim 1, wherein is
provided a rules engine, and wherein step (e) com-
prises the step of:

e. using said decline curve, any of said calculated
performance model values at said selected time
point, and said rules engine to determine a set of
feasible equipment configurations at said selected
time point;

The method of managing production in a hydrocar-
bon producing well according to claim 1, wherein is
provided a rules engine (610) containing a plurality
of heuristic risk values, and wherein said objective
function value comprises a cost objective function
value weighted by one or more of said heuristic risk
values.

The method according to claim 1, wherein said de-
cline curve predicts a production of at least one of
gas, oil, and water as a function of time.

The method according to claim 1, wherein said de-
termined objective function value of step (f) compris-
es at least one of a cost to operate, a cost of a
changeover, a cost of a work over, and a cost of a
power usage.

A method of managing production in a hydrocarbon
producing well, comprising accessing a well lifecycle
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lift plan calculated according to the steps of any one
of the preceding claims.

13. A method of managing production in a hydrocarbon

producing well, comprising the steps of:

a. selecting a plurality of lift types, performing
the method of any one of claims 1 to 11 for each
of said lift types being associated with two or
more different lift configurations; and

b. making at least one lift decision for the well
based on said lifecycle lift plan.

Patentanspriiche

Verfahren zum Verwalten einer Produktion in einem
Kohlenwasserstoff produzierenden Bohrloch, um-
fassend die Schritte:

a. Zugreifen (310) auf eine Abnahmekurve fir
das Bohrloch, wobei die Abnahmekurve eine
Produktion aus dem Bohrloch uber einen vor-
bestimmten Zeitraum zu einer Vielzahl von un-
terschiedlichen Zeitpunkten vorhersagt;

b. Auswahlen (315) einer Vielzahl von Forder-
arten, wobei jede der Foérderarten zu zwei oder
mehreren unterschiedlichen Foérderkonfigurati-
onen gehort;

c. Auswahlen (320) eines Zeitpunkts aus der
Vielzahl von unterschiedlichen Zeitpunkten;

d. Berechnen (325) eines Leistungsférdermo-
dellwerts fiir jede der Vielzahl von Forderarten
und der zugehdrigen zwei oder mehr unter-
schiedlichen Foérderkonfigurationen zu dem
ausgewahlten Zeitpunkt;

e. gekennzeichnet durch ein Verwenden der
Abnahmekurve und irgendeines der berechne-
ten Leistungsmodellwerte zu dem ausgewahl-
ten Zeitpunkt, um einen Satz méglicher Ausstat-
tungskonfigurationen zu dem ausgewahlten
Zeitpunkt zu bestimmen (330);

f. Bestimmen (335) eines objektiven Funktions-
werts fir jede des bestimmten Satzes von még-
lichen Ausstattungskonfigurationen zu dem
ausgewahlten Zeitpunkt;

g. Durchfiihren von Schritten (c) bis (f) fur jeden
der Vielzahl von unterschiedlichen Zeitpunkten
(340), wodurch ein Netzwerk von méglichen ob-
jektiven Funktionswerten produziert wird;
h.Bestimmen (345) eines minimalen Laufweges
durch das Netzwerk von mdglichen objektiven
Funktionswerten, wodurch ein Lebenszyklus-
forderplan fir das Bohrloch erhalten wird; und
i. Implementieren von mindestens einem Teil
des Lebenszyklusforderplans fiir das Bohrloch.

2. Verfahren zum Verwalten einer Produktion in einem
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1"

Kohlenwasserstoff produzierenden Bohrloch nach
Anspruch 1, wobei der objektive Funktionswert ein
objektiver Kostenfunktionswert ist.

Verfahren zum Verwalten einer Produktion in einem
Kohlenwasserstoff produzierenden Bohrloch nach
Anspruch 1, wobei der objektive Funktionswert einer
von einem maximalen Produktionswert, einem mini-
malen Umstellungskostenwert und einem minima-
len Ausfallzeitwert ist.

Verfahren zum Verwalten einer Produktion in einem
Kohlenwasserstoff produzierenden Bohrloch nach
Anspruch 1, wobei Schritt (f) den Schritt umfasst:
Bestimmen eines objektiven Funktionswerts, der
Kosten einschlielt, um die mogliche Ausstattungs-
konfiguration fur einen vorbestimmten Zeitraum zu
betreiben, fiir jede von dem bestimmten Satz von
moglichen Ausstattungskonfigurationen zu dem
ausgewahlten Zeitpunkt.

Verfahren zum Verwalten einer Produktion in einem
Kohlenwasserstoff produzierenden Bohrloch nach
Anspruch 3, wobei der vorbestimmte Zeitraum flinf
Jahre ist.

Verfahren zum Verwalten einer Produktion in einem
Kohlenwasserstoff produzierenden Bohrloch nach
Anspruch 1, wobei die objektive Funktion eine ob-
jektive Kostenfunktion ist und Schritt (h) die Schritte
umfasst:

(h1) Bestimmen eines minimalen Laufweges
durch das Netzwerk von mdglichen objektiven
Kostenfunktionswerten, wodurch ein Lebenszy-
klusforderplan flr das Bohrloch erhalten wird,
und

(h2) Berechnen eines aktuellen Netto-Wertes
des minimalen Laufweges durch das Netzwerk
der moéglichen objektiven Kostenfunktion basie-
rend auf dem Lebenszyklusférderplan.

Verfahren zum Verwalten einer Produktion in einem
Kohlenwasserstoff produzierenden Bohrloch nach
Anspruch 1, wobei eine Regel-Engine bereitgestellt
wird und wobei Schritt (e) die Schritte umfasst:

e. Verwenden der Abnahmekurve, irgendeines der
berechneten Leistungsmodellwerte zu dem ausge-
wahlten Zeitpunkt und der Regel-Engine, um einen
Satzmdoglicher Ausstattungskonfigurationenzu dem
ausgewahlten Zeitpunkt zu bestimmen;

Verfahren zum Verwalten einer Produktion in einem
Kohlenwasserstoff produzierenden Bohrloch nach
Anspruch 1, wobei eine Regel-Engine bereitgestellt
wird und wobei Schritt (e) die Schritte umfasst:

e. Verwenden der Abnahmekurve, irgendeines der
berechneten Leistungsmodellwerte zu dem ausge-
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wahlten Zeitpunkt und der Regel-Engine, um einen
Satzmdoglicher Ausstattungskonfigurationen zu dem
ausgewahlten Zeitpunkt zu bestimmen;

Verfahren zum Verwalten einer Produktion in einem
Kohlenwasserstoff produzierenden Bohrloch nach
Anspruch 1, wobei eine Regel-Engine (610) bereit-
gestellt wird, die eine Vielzahl von heuristischen Ri-
sikowerten enthalt, und wobei der objektive Funkti-
onswert einen objektiven Kostenfunktionswert um-
fasst, der durch einen oder mehrere der heuristi-
schen Risikowerte gewichtet wird.

Verfahren nach Anspruch 1, wobei die Abnahmekur-
ve eine Produktion von mindestens einem von Gas,
Ol und Wasser in Abhangigkeit von der Zeit vorher-
sagt.

Verfahren nach Anspruch 1, wobei der bestimmte
objektive Funktionswert von Schritt (f) mindestens
einen der Posten Kosten zum Betreiben, Kosten zum
Umstellen, Kosten zum Uberarbeiten und Kosten ei-
nes Stromverbrauchs umfasst.

Verfahren zum Verwalten einer Produktion in einem
Kohlenwasserstoff produzierenden Bohrloch, um-
fassend ein Zugreifen auf einen Bohrlochlebenszy-
klusférderplan, der gemafl den Schritten irgendei-
nes der vorstehenden Anspriiche berechnet wird.

Verfahren zum Verwalten einer Produktion in einem
Kohlenwasserstoff produzierenden Bohrloch, um-
fassend die Schritte:

a. Auswahlen einer Vielzahl von Foérderarten,
wobeidas Verfahren nach einem der Anspriiche
1 bis 11 fir jede der Forderarten durchgefiihrt
wird, die zu zwei oder mehreren unterschiedli-
chen Forderkonfigurationen gehoéren; und

b. Treffen von mindestens einer Férderentschei-
dung fiir das Bohrloch basierend auf dem Le-
benszyklusférderplan.

Revendications

1.

Procédé de gestion de la production dans un puits
de production d’hydrocarbures, comprenant les éta-
pes consistant a :

a. accéder (310) a une courbe de déclin pour le
puits, ladite courbe de déclin prédisant la pro-
duction du puits sur une période de temps pré-
déterminée en une pluralité de points temporels
différents ;

b. sélectionner (315) une pluralité de types de
levage, chacun desdits types de levage étant
associé a deux configurations de levage diffé-
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rentes ou plus ;

c. sélectionner (320) un point temporel parmi
ladite pluralité de points temporels différents ;
d. pour chacun de ladite pluralité de types de
levage et desdites deux ou plusieurs configura-
tions de levage différentes associées, calculer
(325) une valeur de modéle de levage de per-
formance audit point temporel sélectionné ;

e. caractérisé par Il'utilisation de ladite courbe
de déclin et de I'une quelconque desdites va-
leurs de modéle de performance calculées audit
point temporel sélectionné pour déterminer
(330) un ensemble de configurations d’équipe-
ment possibles audit point temporel
sélectionné ;

f. pour chacune dudit ensemble déterminé de
configurations d’équipement possibles audit
point temporel sélectionné, déterminer (335)
une valeur de fonction objective ;

g. effectuer les étapes (c) a (f) pour chacun de
ladite pluralité de points temporels différents
(340), produisant ainsi un réseau de valeurs de
fonction objective possibles ;

h. déterminer (345) un chemin de déplacement
minimal a travers ledit réseau de valeurs de
fonction objective possibles, obtenant ainsi un
plan de levage de cycle de vie pour le puits ; et,
i. mettre en oeuvre au moins une partie dudit
plan de levage de cycle de vie pour le puits.

Procédé de gestion de la production dans un puits
de production d’hydrocarbures selon la revendica-
tion 1, dans lequel ladite valeur de fonction objective
est une valeur de fonction objective de codt.

Procédé de gestion de la production dans un puits
de production d’hydrocarbures selon la revendica-
tion 1, dans lequel ladite valeur de fonction objective
estl'une d’'une valeur de production maximale, d’'une
valeur de colt de conversion minimale et d’'une va-
leur de temps d’interruption minimale.

Procédé de gestion de la production dans un puits
de production d’hydrocarbures selon la revendica-
tion 1, dans lequel I'étape (f) comprend I'étape con-
sistant a : pour chacune dudit ensemble déterminé
de configurations d’équipement possibles audit point
temporel sélectionné, déterminer une valeur de
fonction objective qui comprend un co(t pour faire
fonctionner ladite configuration d’équipement possi-
ble pendant une période de temps prédéterminée.

Procédé de gestion de la production dans un puits
de production d’hydrocarbures selon la revendica-
tion 3, dans lequel ladite période de temps prédéter-
minée est de cing ans.

Procédé de gestion de la production dans un puits
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de production d’hydrocarbures selon la revendica-
tion 1, dans lequel ladite fonction objective est une
fonction objective de co(t et I'étape (h) comprend
les étapes consistant a

(h1) déterminer un chemin de déplacement mi-
nimal a travers ledit réseau de valeurs de fonc-
tion objective de colt possibles, obtenant ainsi
un plan de levage de cycle de vie pour le puits et,
(h2) sur la base dudit plan de levage de cycle
de vie, calculer une valeur nette présente dudit
chemin de déplacement minimal a travers ledit
réseau de fonction objective de colt possible.

Procédé de gestion de la production dans un puits
de production d’hydrocarbures selon la revendica-
tion 1, dans lequel est fourni un moteur de regles et
dans lequel I'étape (e) comprend I'étape consistant
a:

e. utiliser ladite courbe de déclin, 'une quelconque
desdites valeurs de modele de performance calcu-
lées audit point temporel sélectionné et ledit moteur
de regles pour déterminer un ensemble de configu-
rations d’équipement possibles audit point temporel
sélectionné ;

Procédé de gestion de la production dans un puits
de production d’hydrocarbures selon la revendica-
tion 1, dans lequel est fourni un moteur de regles et
dans lequel I'étape (e) comprend I'étape consistant
a:

e. utiliser ladite courbe de déclin, 'une quelconque
desdites valeurs de modele de performance calcu-
lées audit point temporel sélectionné et ledit moteur
de regles pour déterminer un ensemble de configu-
rations d’équipement possibles audit point temporel
sélectionné ;

Procédé de gestion de la production dans un puits
de production d’hydrocarbures selon la revendica-
tion 1, dans lequel est prévu un moteur de regles
(610) contenant une pluralité de valeurs de risque
heuristique et dans lequel ladite valeur de fonction
objective comprend une valeur de fonction objective
de colt pondérée par une ou plusieurs desdites va-
leurs de risque heuristique.

Procédé selon la revendication 1, dans lequel ladite
courbe de déclin prédit une production d’au moins
'un d’'un gaz, d’'une huile et d’eau en fonction du
temps.

Procédé selon la revendication 1, dans lequel ladite
valeur de fonction objective déterminée de I'étape
(f) comprend au moins I'un d’'un codt de fonctionne-
ment, d’'un colt de conversion, d’'un co(t de recon-
ditionnement et d’un colt d’'une utilisation de puis-
sance.
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Procédé de gestion de la production dans un puits
de production d’hydrocarbures, comprenant I'acces
a un plan de levage de cycle de vie de puits calculé
selon les étapes de I'une quelconque des revendi-
cations précédentes.

Procédé de gestion de la production dans un puits
de production d’hydrocarbures, comprenant les éta-
pes consistant a :

a. sélectionner une pluralité de types de levage,
réaliser le procédé selon I'une quelconque des
revendications 1 a 11 pour chacun desdits types
de levage associés a deux configurations de le-
vage différentes ou plus ; et

b. prendre au moins une décision de levage pour
le puits sur la base dudit plan de levage de cycle
de vie.
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